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Summary
Objective
This study aimed to examine how weight and weight changes related to pregnancy were
associated with depressive symptoms 11–16 years after childbirth.
Method
We followed 16,998 first-time mothers from the Danish National Birth Cohort up till
16 years after birth and estimated associations between depressive symptoms and
pre-pregnancy body mass index (BMI) (kgm2), weight changes in different time periods,
and BMI-adjusted waist circumference 7 years after birth (WCBMI, cm). Depressive symp-
toms were estimated by the Center for Epidemiologic Studies Depression 10-item scale.
Multiple logistic regression analyses were used to estimate odds ratios (OR) and 95%
confidence intervals.
Results
Compared with normal-weight, we found that underweight, overweight and obesity were
associated with greater odds of depressive symptoms (1.29, 1.24 and 1.73, respectively).
Compared with weight change ±1 BMI unit during the total follow-up period, greater
odds for depressive symptoms were observed with weight loss (OR 1.14, 0.96–1.36) or
gain of 2–2.99 kgm2 (OR 1.11, 0.92–1.33) or gain of ≥3 kgm2 (OR 1.68, 1.46–1.94).
WCBMI> 2.2 cm was associated with greater odds of depressive symptoms (OR 1.16,
0.99–1.36) than waist circumference as predicted by BMI.
Conclusion
Low and high pre-pregnancy BMI, weight changes andWCBMI larger than predicted were
associated with more depressive symptoms in midlife.
Keywords: Body mass index, body-weight changes, depressive symptoms, maternal
health.
Introduction
Obesity is a growing public health problem worldwide (1),
also among women of childbearing age. In 2015, 27% of
Danish women were overweight when entering preg-
nancy: of these, 12% were categorized as having obesity
(2). The reported prevalence of mental illness is increas-
ing, and it is estimated that mental disorders – primarily
depression – account for 20% of the disease burden in
the European Union (3). Obesity has been linked with
depression, both in the general population (4–9) and
among new mothers (10,11). Weight changes may also
be associated with later depression, although evidence
is inconsistent (8,12,13).
For women, the childbearing period is characterized by
steep weight gain during pregnancy followed by rapid
weight loss. For some mothers, pregnancy induces a last-
ing weight gain, either as postpartum weight retention or
as weight gain in early motherhood, possibly because of
changes in lifestyle (14,15), all of which increases the risk
of later overweight or obesity (16,17). Also, postpartum
depression may influence long-term obesity as depres-
sion may negatively affect the natural weight loss after
childbirth (18). Both a woman’s pre-pregnancy body mass
© 2016 The Authors
Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice 415
Obesity Science & Practice doi: 10.1002/osp4.75
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations
are made.
index (BMI) and these pregnancy-related weight changes
may be linked with depression through both physical and
mental mechanisms such as dys-regulation of the
hypothalamic–pituitary–adrenal axis, inflammation, the
metabolic syndrome, and poor self-esteem and stigma
(5,19). Low pre-pregnancy BMI and postpartum weight
changes (both gain and loss) have been associated with
long-term risk of anxiety and depressive disorders leading
to prescriptions of antidepressants or hospital diagnoses
in the time up till 6 years postpartum (13). On the other
hand, many women suffer from depressive symptoms
(20), which might also lead to obesity and weight changes
through altered lifestyle habits (19).
Finally, pregnancy is associated with a change in body
composition with an increase in adipose tissue in the
visceral compartment (21). Abdominal fat is more
metabolically active than fat tissue in general and have
been associated with depression (4,22,23). Underlying
factors could include unhealthy eating habits or increased
levels of cytokines (4,24,25). This association has not
been investigated in any of the previous studies.
The aim of this study was to investigate if
pre-pregnancy BMI and body weight changes during
and after years of childbearing relate to depressive symp-
toms in midlife, measured 11–16 years after a woman’s
first birth. Additionally, we studied if waist circumference
(WC) adjusted for BMI (WCBMI) 7 years after childbirth,
as an indicator for abdominal adiposity, was associated
with depressive symptoms. We hypothesized that high
pre-pregnancy BMI, weight changes in the years of
reproduction and beyond, and abdominal obesity were
associated with the prevalence of depressive symptoms
in mothers in midlife.
Methods
This study is based on the Danish National Birth Cohort
(DNBC), which contains self-reported and healthcare-
recorded information on health and lifestyle in pregnancy
from 92,925 women (26,27). The women were enrolled
between 1996 and 2002 in early pregnancy by their
general practitioner, and approximately 60% of the
invited women accepted to participate. The women
completed telephone interviews twice in pregnancy and
at approximately 6 and 18months postpartum. Detailed
information on the DNBC can be found elsewhere
(26,27). Seven years after childbirth, the mothers were
invited to complete a web-based or mailed follow-up
questionnaire, which included information on weight and
waist circumference. Finally, from January 2013 to
January 2015, on average 14 years after childbirth, a
follow-up study was conducted on mothers focusing on
mental, physical and occupational health. The women
also provided information on weight parameters during
their childbearing years and at the time of the follow-up.
We restricted the study to women who participated in
the cohort with their first live birth and provided informa-
tion on pre-pregnancy BMI (n=42,124) (Figure 1). Of
these, 21,060 women (50.0%) replied to the Maternal
Follow-up questionnaire, and 18,349 (43.6%) had
complete information on weight during the follow-up
period. We excluded 153 women (0.8%) who were
pregnant at the time of the follow-up. Also, we excluded
1,198 women (6.6%), who prior to the first pregnancy
had a hospital diagnosis of any affective disorder (by
ICD8 code 296 or ICD10 codes F30-39) or reported to
have suffered from any psychological condition before
being enrolled in DNBC in order to identify a cohort of
mentally healthy women at baseline. The final study
population included 16,998 mothers.
Figure 1 Flowchart of the study population from the Danish National
Birth Cohort (DNBC). BMI, body mass index.
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Exposures and outcomes
While recognizing the complex, possibly bi-directional,
relations between body weight and depressive symp-
toms, we defined the body weight-related variables as
exposures and the depressive symptoms as outcomes
for analytical purposes. We report statistical associations
knowing that the direction of associations remain unclear
and further studies on causal directions are needed.
Pre-pregnancy BMI was calculated from self-reported
pre-pregnancy weight and height, which were obtained
during the first interview in the DNBC at approximately the
17th week. The BMI were categorized according to the
World Health Organization classification as underweight
(<18.5 kgm2), normal-weight (18.5–24.99 kgm2),
overweight (25–29.99 kgm2) and obesity (≥30 kgm2)
(28).
Next, we identified weight changes in different
periods (Figure 2). (i) Weight change across years of
childbearing, defined as weight change from before the
pregnancy leading to the first live birth until 12months
after the last live birth in the follow-up period (childbear-
ing-related weight change); (ii) weight change after the
childbearing period, defined as weight change from
12months after the last live birth till the time of the
follow-up questionnaire (weight change after childbear-
ing); and (iii) overall weight change, defined as weight
change from prior to the pregnancy leading to the first live
birth till the time of the follow-up questionnaire (total
weight change). BMI at the end of each time period were
calculated from self-reported weights in the Maternal
Follow-up questionnaire. For all periods, weight changes
were calculated as differences between BMI values at
the start and the end of the specific period, and
categorized as weight loss (>1 kgm2), unchanged
weight (between 1.00 and 0.99 kgm2), weight gain
1–1.99 kgm2, weight gain 2–2.99 kgm2 and finally
weight gain ≥3 kgm2 (29). One BMI unit is equivalent to
approximately 3 kg for a 168-cm-tall woman. Additionally,
we categorized weight changes in three categories as
those with the highest weight loss (10th percentile), those
with the highest weight gain (90th percentile) and those
with more moderate changes in weight (11–89th
percentile).
Finally, we included waist circumference (cm) adjusted
for BMI (WCBMI, cm) as an exposure. In the 7-year follow-
up questionnaire, women were instructed to measure WC
at the narrowest point in centimetres with a mailed tape
measure. We therefore excluded mothers with missing
information on weight or WC from the 7-years question-
naire as well as women with this measure affected by an
on-going or recent pregnancy (from conception through
12months postpartum) for this analysis, leaving 11,290
(66.4%) women. As a measure of abdominal adiposity,
we used the deviation from the value predicted by the
BMI value estimated by the regression of WC on BMI.
This measure indicates the variation in abdominal fatness
that cannot be ascribed to variation in general adiposity
measured by BMI (15), and even a woman with a low
BMI can have positive values if her WC is larger than
expected for her BMI. At the 7-year follow-up, the
predicted waist circumference was 81.6 cm for a mean
BMI at 7 years postpartum of 23.0 kgm2, and it in-
creased by 2.15 cm for each increase in BMI unit. These
data were used both as continuous variables and as cat-
egorical variables (divided in three equally sized groups;
<2.5, 2.5–2.2 and >2.2 cm from the WC predicted
by the BMI).
Figure 2 Time line indicating time points for generation of weight change parameters.
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The outcome measure ‘depressive symptoms’ was
based on self-reported data from the Maternal Follow-
up study, using the Center of Epidemiologic Studies
Depression Scale Short (CES-D10) (30). The participants
answered 10 questions about their mental status within
the last week prior to filling the questionnaire, and each
answer was given a score between 0 (rarely) and 3 (most
of the time/always). The maximum sum of scores was 30,
and scores ≥10 indicated depressive symptoms (30). The
CES-D10 scale is a short version of the CES-D scale (31)
developed by Radloff in 1977 to measure depressive
symptomatology in the general population (30). It has
been found to be a reliable and valid instrument for
detecting major depressive disorders (32). The short
version of the scale has a good predictive accuracy
compared with the full-length version (31,33), and with a
cut-off at 10, it has a high sensitivity for diagnostic perfor-
mance (33,34). Thus, although a score of 10 or above
does not need to reflect a psychiatric diagnosis of
depression, the cut-off indicates more severe depressive
symptoms.
Covariates
From the baseline interview, we had information about
socio-occupational status based on type of job or type
of education if still attending school. Women in
management or in jobs requiring higher education were
categorized as ‘high’. Office workers, service worker,
skilled manual workers and women in the military
constituted the ‘middle’ category. The category ‘low’
included unskilled workers and unemployed women (35).
From the interviews 6 and 18months postpartum, we
had information on total weeks of breastfeeding (<20,
20–39 and 40+ weeks). The Maternal Follow-up question-
naire included information on smoking history, which was
categorized as never, previous and current smokers.
Information on parity at the end of follow-up was included
in the Maternal Follow-up questionnaire, and was
categorized as parity 1, 2 and 3+. Further, we adjusted
for marital status (cohabitant/married or single) and place
of residency (capital, cities >100,000 inhabitants or
smaller cities/rural areas) at baseline.
In relation to the index pregnancy (at approximately
gestational week 30 and 6months postpartum), 12,732
women in the study population had answered three
questions on actual depressive symptoms from the
Symptoms Checklist-92 (36,37). Each of these could be
answered with ‘no’=1, ‘a little’=2 and ‘a lot’=3. The
scores of the three questions (range 3–9) were added
up, and two groups were generated (women without
depressive symptoms [sum <5] and women with
depressive symptoms [sum ≥5] at the respective points
in time). The cut-off was population specific and identified
13.5% and 13.7% as having depressive symptoms in
mid-pregnancy and in early motherhood, respectively.
Statistical analysis
The prevalence of depressive symptoms and prevalence
differences according to each category of exposures
were calculated, and logistic regression models were
used to estimate odds ratios (OR) for the association
between pre-pregnancy BMI, weight changes, WCBMI at
7 years postpartum and self-reported depressive
symptoms in midlife (CES-D10 ≥10). We adjusted for
age at beginning of the first pregnancy, socio-
occupational status, marital status and living area in
pregnancy, as well as smoking history. In the analysis
on weight change after the childbearing years and
depressive symptoms, we included parity but not weight
change in the previous time period. In the adjusted
analyses of weight changes and depressive symptoms,
we also included pre-pregnancy BMI. Potential
confounders were chosen a priori and assessed by use
of directed acyclic graphs (38). As time in the cohort
may potentially affect the estimates, we added an interac-
tion term indicating weight change in a short or long
period (defined by under/over median time in the cohort)
to all covariates in the analysis. Results indicated no
statistically significant difference in estimates (results
not shown).
We generated restricted cubic splines with six knots for
the association between the selected weight parameters
as continuous variables and depressive symptoms
(Figure S1). Because some of these splines indicated
U-shaped associations, we also estimated the linear
association between continuous weight changes in strata
of women who lost or gained weight and women with
positive and negative WCBMI and depressive symptoms
(Table S1). The linear association between pre-pregnancy
BMI>21 units and depressive symptoms were also
estimated (Table S1). To adjust in part for reverse causa-
tion and to examine bi-directionality, we repeated the
analyses adjusted for depressive symptoms in the
beginning of the period under study (in gestational week
30 and/or 6months postpartum, respectively) in mothers
who had given the information (N=12,732) (Supplemen-
tary Table S2). Finally, to examine the robustness of the
associations, we made the analyses with a CES-D score
cut-off of 12 (Table S3). Results are presented as
estimates with 95% confidence intervals (95% CI).
Analyses were performed using STATA 13.0 (StatCorp,
College Station, TX, USA).
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Results
Of the 16,998 first-time mothers in this study, 13.9%
(n=2,363) reported to have depressive symptoms at the
time of the Maternal Follow-up as indicated by a
CES-D10 score ≥10 with a median score of 13 points
(interquartile range [IQR] 11–16 points). Using a cut-off
≥12, 8.7% of mothers had depressive symptoms. Median
age at maternal follow-up was 42 years (IQR 40–45 years),
and median time of follow-up was 14.3 years (IQR
13.2–15.2 years). In the 10th percentile with the
highest weight loss, the median loss was 2.4 kgm2
(IQR 3.6–1.8 kgm2), and in the 90th percentile with the
highest gain, the median weight gain was 6.1 kgm2
(IQR 5.2–7.7 kgm2). Compared with women without
depressive symptoms at the time of the Maternal
Follow-up, women with depressive symptoms were more
likely to have a low socio-occupational status, to smoke
at the time of the Maternal Follow-up, to be the mother
of only one child, to have breastfed for a shorter period
and to live alone (Table 1). Pre-pregnancy BMI tended to
be higher for women with lower socio-occupational sta-
tus and among current smokers. Total weight gain was
lowest in women with high socio-occupational status,
never smokers and mothers, who had three or more
children.
Pre-pregnancy body mass index
In the crude analysis of pre-pregnancy BMI, mothers with
underweight, overweight and obesity all had more
depressive symptoms at follow-up than normal-weight
mothers. The adjusted analysis changed the estimates
very little showing ORs for depressive symptoms of 1.29
(95% CI 0.99–1.68) for underweight mothers, 1.24 (95%
CI 1.08–1.42) for mothers with overweight and 1.73
(95% CI 1.43–2.10) for women with obesity. The
estimated association was j-shaped as also shown in
Figure 3 with the lowest prevalence of depressive
symptoms seen in women with a BMI of approximately
21.0. When restricting the analysis to women with a pre-
pregnancy BMI> 21, the OR for depressive symptoms
was 1.04 (95% CI 1.03–1.05) for every one unit increase
in BMI when compared with a BMI 21 (Table S1).
Childbearing-related weight changes
The odds of depressive symptoms in midlife increased
with increasing weight gain in the years of childbearing.
Thus, the adjusted ORs were 1.12 (95% CI 0.96–1.30)
for women gaining 1–1.99 kgm2, 1.28 (95% CI
1.07–1.52) for women gaining 2–2.99 kgm2 and 1.45
(95% CI 1.24–1.70) for women gaining 3 or more kgm2,
indicating a linear trend among those gaining weight
(p< 0.001). Weight loss in this period was not associated
with greater odds of depressive symptoms at follow-up
than for women with no weight change.
Weight changes after childbearing
All weight changes – both weight loss and gain – after the
years of childbearing were associated with increased
odds of depressive symptoms by the time of the Maternal
Follow-up compared with maintaining a stable weight.
After adjustment for potential confounders, weight loss
was associated with a greater OR of 1.38 (95% CI
1.20–1.60) than no weight change. Across all categories
of weight gain, ORs for depressive symptoms increased
with increasing weight gain; the highest OR (1.88, 95%
CI 1.58–2.22) was found in women who had a weight gain
of 3 kgm2 or more compared with women with no
weight gain. There was a linear trend among those
gaining weight (p<0.001).
Total weight change
For the combined time period, weight changes of 2 or
more kgm2 were associated with increasing odds of
depressive symptoms compared with no weight change
with odds ratios of 1.11 (95% CI 0.92–1.33) and 1.68
(95% CI 1.46–1.94) for weight gains of 2–2.99 and 3
+ kgm2, respectively.
For all of the aforementioned analyses on weight
changes, findings were corroborated on continuous data
in Figure 3 and Table S1.
The upper and lower 10th percentile weight
changes
Across the entire time period, greater odds of depressive
symptoms were observed in women with the highest
weight gain (≥90th percentile) with an OR of 1.86 (95%
CI 1.60–2.18) compared with women with smaller differ-
ences in weight change (the 11th–89th percentile). For
those with the largest weight loss (≤10th percentile), the
adjusted OR was 1.11 (95% CI 0.92–1.33).
Waist circumference
Women who had a WCBMI>2.2 cm 7years postpartum
had a crude OR for depressive symptoms at follow-up
of 1.21, which was unchanged after adjustment (OR of
1.16, 95% CI 0.99–1.36), compared with women with a
WCBMI between 2.5 and 2.2 cm (Table 2). Women with
a WCBMI<2.5 cm showed a marginally increased OR
of 1.09 (95% CI 0.93–1.28). A restricted cubic spline
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Table 1 Sample characteristics for all mothers and mothers with depressive symptoms in midlife from the Danish National Birth Cohort
(n = 16,998)
Study
population BMI (IQR) WCIII (IQR)
Depressive
symptoms
No depressive
symptoms
Study population 16,998 100.0% 22.39 (20.62–24.80) 1.03 (0.00–2.54) 2,363 13.9% 14,635 86.1%
Age, median (IQR) years
At baseline 28.0 (25.9–30.6) 28.1 (25.7–30.9) 28.0 (25.9–30.5)
At end of follow-up 42.2 (40.0–45.0) 42.3 (39.9–45.3) 42.2 (40.0–44.9)
Social status %
Low 842 5.0% 22.85 (20.57–26.22) 1.63 (0.00–3.59) 161 6.8% 681 4.7%
Middle 5,354 31.5% 22.84 (20.82–25.47) 1.26 (0.00–2.99) 819 34.7% 4,535 31.0%
High 10,473 61.6% 22.20 (20.55–24.38) 0.78 (0.32–2.21) 1,311 55.5% 9,162 62.6%
Smoking history %
Never smoker 9,501 55.9% 22.32 (20.58–24.80) 1.00 (0.00–2.42) 1,173 49.6% 8,328 56.9%
Former smoker 5,707 33.6% 22.32 (20.62–24.61) 1.06 (0.00–2.70) 829 35.1% 4,878 33.3%
Smoker 1,458 8.6% 22.85 (20.76–25.69) 1.06 (0.37–3.01) 316 13.4% 1,142 7.8%
Children during
reproductive period %
1 2,608 15.3% 22.60 (20.76–25.43) 1.19 (0.00–2.90) 427 18.1% 2,181 14.9%
2 9,731 57.2% 22.41 (20.66–24.80) 1.03 (0.30–2.50) 1,348 57.0% 8,383 57.3%
3+ 4,659 27.4% 22.21 (20.53–24.46) 0.96 (0.29–2.42) 588 24.9% 4,071 27.8%
Habitant status
Married or cohabitant 16,671 98.1% 22.39 (20.62–24.80) 1.01 (0.00–2.51) 2,294 97.1% 14,377 98.2%
Single 317 1.9% 22.50 (20.57–24.69) 1.84 (0.39–4.63) 68 2.9% 249 1.7%
Living area
Capital 2,897 17.0% 21.63 (20.18–23.66) 0.89 (0.00–2.13) 413 17.5% 2,484 17.0%
City of >100,000
inhabitants
2,584 15.2% 22.13 (20.55–24.22) 0.95 (0.33–2.34) 328 13.9% 2,256 15.4%
Smaller cities or
rural areas
11,517 67.8% 22.66 (20.76–25.26) 1.06 (0.00–2.70) 1,622 68.6% 9,895 67.6%
Breastfeeding
<20 weeks 3,161 18.6% 23.24 (21.08–26.40) 1.21 (0.32–3.19) 509 21.5% 2,652 18.1%
20–39 weeks 5,908 34.8% 22.27 (20.57–24.51) 0.97 (0.00–2.31) 738 31.2% 5,170 35.3%
40+weeks 3,629 21.3% 22.03 (20.45–24.16) 0.93 (0.00–2.31) 460 19.5% 3,169 21.7%
Time in intervals,
median (IQR) y
Pre-conception –
12months after last birth
4.9 (3.7–6.9) 4.9 (3.6–7.0) 4.9 (3.8–6.9)
12months after last birth –
Maternal follow-up
9.1 (7.1–10.9) 9.2 (7.1–11.1) 9.1 (7.1–10.9)
Pre-conception –
Maternal follow-up
14.3 (13.2–15.2) 14.5 (13.4–15.3) 14.3 (13.2–15.2)
Anthropometrics
Pre-pregnancy BMI,
median (IQR) BMI units
22.4 (20.6–24.8) 22.8 (20.8–25.6) 22.3 (20.6–24.7)
Weight change I,
median (IQR) BMI units
0.7 (0.4–2.0) 0.8 (0.4–2.4) 0.7 (0.4–2.0)
Weight change II,
median (IQR) BMI units
0.4 (0.7–1.6) 0.7 (0.7–2.2) 0.3 (0.7–1.5)
Weight change III,
median (IQR) BMI units
1.0 (0.0–2.5) 1.4 (0.0–3.5) 1.0 (0.0–2.4)
Waist circumference
at 7 years, median (IQR) cm
82.0 (76.0–89.0) 83.0 (77.0–91.0) 81.0 (76.0–88.0)
Weight change I: weight change from prior to conception of the first child till 12months after last childbirth prior to the maternal follow-up.
Weight change II: weight change from 12months after last childbirth prior to the maternal follow-up till the time of the maternal follow-up.
Weight change (WC) III: weight change from prior to conception of the first child till the time of the maternal follow-up.
All columns do not sum up to 100% because of missing data.
BMI, body mass index; IQR, interquartile range.
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showed a linear association from WCBMI of 0.0 cm and
upwards (Figure 3), which is presented in Table S1,
indicating a greater OR of 1.04 (95% CI 1.02–1.07) for
each 1-cm increase in WCBMI.
When applying a cut-off of ≥12 as definition of depres-
sive symptoms, results supported the main findings
although associations for some analyses were stronger
(Table S3). Adding adjustment for depressive symptoms
measured close to baseline in relation to the index
pregnancy did only alter results a little (differences in OR
between 0.09 and +0.04) (Table S2).
Discussion
We found that low and high pre-pregnancy BMI, weight
loss after years of childbearing and weight gain, both in
the childbearing years and particular in the years after
the last childbirth, were associated with depressive
symptoms among mothers in midlife 11–16 years after
childbirth. Further, women with a larger WC than
predicted by their BMI, indicating a relative excess of
abdominal fat mass, reported more depressive symptoms
than women with a WC in accordance with their BMI.
Many women experience depressive symptoms in
midlife (20), and mother’s well-being is of importance
not only to themselves but also their families and society.
Our results indicate an association between weight,
weight changes and depressive symptoms, which
suggest that health professionals should pay attention
to mothers who retain larger weight changes in their
reproductive years and beyond as these weight changes
may be associated with depressive symptoms. Likewise,
they should also pay attention to women with depressive
symptoms as they may be more susceptible to weight
change.
Our results are in accordance with results from the
general population on obesity and depression (5,6,39).
In analyses focusing on women only, obesity was also
associated with a greater risk of later depressive
symptoms with a relative increased risk of 10–33%
compared with normal-weight women (7,8,40). We found
an OR of 1.73 for women with obesity, indicating an even
higher excess risk of depressive symptoms in our cohort
of mothers. In a former study based on the DNBC, we
found no increased risk for anxiety and/or depression in
mothers with obesity over a 6-year period (13). The out-
come was defined by redeemed prescriptions and/or
ICD10 codes, which might explain the differences. In the
present study, we capture signs of depression, which
may not be so severe that it leads to a prescription or
Figure 3 Logistic regression for self-reported depressive symptoms (Center of Epidemiologic Studies Depression Scale Short, score ≥ 10) ac-
cording to different weight parameters and BMI-adjusted waist circumference in first-time mothers in the Danish National Birth Cohort. Re-
stricted cubic splines adjusted for smoking, social status, age, breastfeeding, marital status and place of residency during pregnancy. Weight
change estimates also adjusted for pre-pregnancy BMI as well as weight change III is adjusted for parity. Weight change I: weight change from
pre-conception till 12months after last childbirth. Weight change II: weight change from 12months after last childbirth till the time of the Mater-
nal Follow-up. Weight change III: weight change from pre-conception till the time of the Maternal Follow-up. The dotted lines show 95% con-
fidence intervals. BMI, body mass index.
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diagnosis, but indicate poor mental well-being in women
with high pre-pregnancy BMI. In both studies, being
underweight was associated with a greater risk of poor
mental health. It may also be that the behaviour of the
health professionals can explain these differences if they
are more alert to underweight women with depressive
symptoms. Further, underweight may be a sign of under-
lying conditions such as anorexia or chronic diseases that
may also affect mental health (41–43).
The higher prevalence of depressive symptoms in
mothers with weight gain compared with mothers with a
stable weight is in line with previous follow-up studies,
which found that mental well-being was highest in women
with a stable weight during a 2-year period in midlife (44),
while women who lost weight or gained more than 10% of
their BMI over a 3-year period had an elevated risk of
clinically significant depressive symptoms (8). In a cohort
study surveying women on weight and depression scores
Table 2 Odds ratios (OR) for self-reported depressive symptoms (CES-D ≥ 10) according to pre-pregnancy BMI and different weight parameters
in the Danish National Birth Cohort (N = 16,998)
N
Depressive
symptoms %
PD
(%)
OR
Crude
OR
Adjust* (95% CI)
OR
Adjust** (95% CI)
Pre-pregnancy BMI
Underweight 627 103 16.4 3.7 1.35 1.29 (0.99–1.68) NA —
Normal-weight 12,376 1,576 12.7 0.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) — NA —
Overweight 2,959 473 16.0 3.3 1.30 1.24 (1.08–1.42) NA —
Obese 1,036 211 20.4 7.7 1.75 1.73 (1.43–2.10) NA —
Childbearing-related
weight change (BMI units)
Loss of >1 2,724 393 14.4 1.9 1.19 1.13 (0.97–1.33) 1.03 (0.87–1.21)
1–0.99 6,714 836 12.5 0.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) — 1.0 (Ref.) —
1–1.99 3,299 424 12.9 0.4 1.04 1.11 (0.96–1.29) 1.12 (0.96–1.30)
2–2.99 1,784 261 14.6 2.1 1.20 1.29 (1.08–1.54) 1.28 (1.07–1.52)
3+ 2,477 449 18.1 6.3 1.56 1.53 (1.31–1.79) 1.45 (1.24–1.70)
Weight change after
childbearing (BMI units)
Loss of> 1 3,619 538 14.9 3.8 1.40 1.46 (1.27–1.68) 1.38 (1.20–1.60)
1–0.99 7,544 836 11.1 0.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) — 1.0 (Ref.) —
1–1.99 2,507 356 14.2 3.1 1.33 1.27 (1.08–1.50) 1.26 (1.07–1.48)
2–2.99 1,462 223 15.3 4.2 1.44 1.39 (1.15–1.69) 1.35 (1.11–1.64)
3+ 1,866 410 22.0 10.9 2.26 2.00 (1.70–2.37) 1.88 (1.58–2.22)
Total weight change
(BMI units)
Loss of >1 2,355 337 14.3 2.6 1.26 1.28 (1.08–1.51) 1.14 (0.96–1.36)
1–0.99 5,974 700 11.7 0.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) — 1.0 (Ref.) —
1–1.99 3,233 367 11.4 0.3 0.96 0.98 (0.84–1.15) 0.99 (0.84–1.16)
2–2.99 1,972 281 14.2 2.5 1.25 1.11 (0.92–1.34) 1.11 (0.92–1.33)
3+ 3,464 678 19.6 7.9 1.83 1.75 (1.52–2.02) 1.68 (1.46–1.94)
Extreme changes,
whole period
10% with greatest
weight loss
1,699 254 14.9 2.3 1.22 1.26 (1.06–1.49) 1.11 (0.92–1.33)
No extreme changes 13,599 1,713 12.6 0.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) — 1.0 (Ref.) —
10% with greatest
weight gain
1,700 396 23.3 10.7 2.11 1.97 (1.69–2.29) 1.86 (1.60–2.18)
BMI-adjusted waist
circumference,
7 years (cm)
<2.5 cm 3,762 506 13.5 1.8 1.18 1.09 (0.93–1.28) NA —
2.5–2.2 3,764 439 11.7 0.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) — NA —
>2.2 3,764 519 13.8 2.1 1.21 1.16 (0.99–1.36) NA —
*Adjusted for social status, smoking, age, breastfeeding, marital status and living area. Weight change after childbearing (WCII) also adjusted for
parity.
**Additionally adjusted for pre-pregnancy BMI.
BMI, body mass index; N, numbers; PD, prevalence difference; OR, odds ratio; CI, confidence intervals.
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every third year in a 12-year period, weight change and
depression were also associated, but after using weight
change in the two preceding surveys as a predictor for
depression, the association disappeared (12). Other
studies have found that depressive conditions may lead
to weight changes – both loss and gain, (12,45–49)
supporting the idea that effects of weight change and
depressive symptoms may be bi-directional and associa-
tions intertwined.
Irrespective of the temporal relations between body
weight measures and depressive symptoms in the
present study, the causal direction cannot be determined.
Because of the long time span in our cohort, depressive
symptoms in each mother may have come and gone
more than once during follow-up and affected weight
changes. Clearly, we report a point prevalence of depres-
sive symptoms in midlife. We had sparse information
about depressive symptoms during follow-up to examine
bi-directionality, but when adjusting for depressive symp-
toms at gestational week 30 and 6months postpartum in
the beginning of the study period, it had little effect on our
findings. The combination of results and consistency in
associations suggest that weight gain or loss may affect
symptoms of depression although reverse causation
cannot be ruled out. Future research should study causal-
ity including direction and possible mechanisms of these
associations.
We found increased WCBMI to be associated with
greater odds of depressive symptoms. This has not previ-
ously been studied in mothers but abdominal obesity has
been linked with depression in men (4,23).
The main strength of this study pertains to the features
of the DNBC, including the Maternal Follow-up, allowing
for a large sample size with detailed information on poten-
tial confounders. With several weight measurements
during follow-up, we were able to detect time periods of
weight change and separate weight changes related to
the childbearing period and beyond. Another important
strength is the identification of self-reported depressive
symptoms using a validated score and our ability to
account for depressive disorders and depressive symp-
toms close to baseline.
This study also has some limitations. All exposure
information on weight parameters and waist circumfer-
ence in this study was self-reported. Thus, there is some
misclassification. We know from a validation study within
the DNBC (50) that pre-pregnancy BMI tended to be
under-reported with approximately 0.6 kg, and this
underreporting increased slightly with increasing BMI.
However, agreement within BMI categories was approxi-
mately 90%. The weights for calculation of the respective
weight changes may suffer from similar under-reporting,
which may attenuate the error on weight changes
measures. The mothers had to recall weight 12months
after last childbirth, which may be prone to errors.
Reassuringly, when comparing reported weight at
18months (from an interview at 18months postpartum)
and recalled weight 12months after last childbirth in
women with one child only, we found a high correlation
in calculated BMI (Pearson’s correlation =0.89). We do
not anticipate any systematic differential misclassification
by level of depressive symptoms.
Of the initial eligible study population, only 51% partic-
ipated in the Maternal Follow-up. Of these, some did not
provide information on weight parameters during follow-
up. Women with information on weight parameters were
older at baseline, had a higher socio-occupational status
and had a lower pre-pregnancy BMI than those not
providing these data (data not shown). Also, weight gain
during follow-up, family size and depressive symptoms
status may be associated with non-participation and
hence potentially lead to selection bias. However, by
adjusting for factors such as age, socio-occupational-
status, smoking, marital status and parity, which may be
associated with both participation and depressive symp-
toms, we aimed to reduce the influence from selection
bias (51). Despite adjustment for potential confounders,
we cannot rule out risk of residual confounders due to
unknown or unmeasured confounding. We had no data
to adjust for chronic diseases and medication. Notably,
the DNBC consists of Caucasian women only, and gener-
alizability of our findings to other groups is unknown.
In conclusion, high and low pre-pregnancy BMI, weight
gain during the years of childbearing and the following
years, and abdominal obesity increased the prevalence
of depressive symptoms in maternal midlife. These
findings suggest having a healthy weight prior to
reproduction and retaining this weight, except when
pregnant, support mental well-being in mothers in midlife.
Prevention of obesity and weight changes, other than
gestational weight gain, may lead to less depressive
symptoms in mothers in midlife.
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